Randomly amplified polymorphic DNA (RAPD) analysis was used to investigate the molecular epidemiology of 26 Mycoplasma gallisepticum (MG) isolates obtained from turkeys located in the central valley of California. The MG isolates were recovered from 5 different companies and 13 ranches. Each company had unique MG strains. No evidence of spread of MG between companies was detected. RAPD analysis of MG isolates within a ranch during an outbreak revealed only a single strain involved in each outbreak. RAPD analysis identified an isolate from 1 ranch with a banding pattern identical to that of the 6/85 vaccine strain, which had been used on that particular ranch. Similar RAPD banding patterns of isolates from different ranches within the same company suggested horizontal spread of MG between ranches. The use of 2 primer sets in RAPD analysis was critical to prevent misinterpretation of relationships between different isolates.
Mycoplasma gallisepticum (MG) infection in turkeys is a disease of the respiratory system characterized by respiratory rales, coughing, nasal discharge, and sinusitis. 16 The disease spreads relatively slowly and is frequently complicated by infection with secondary bacterial agents, which leads to severe condemnation at processing. MG can be transmitted by direct contact with infected birds and various fomites or vertically though hatching eggs. Biosecurity is a critical management tool at the company, ranch, and flock level to prevent the introduction of MG into either breeder or meat flocks and its subsequent spread. The expense to the turkey industry of eradication, treatment, and condemnation is significant. Determination of the origin of an MG outbreak is difficult but important in investigations into lapses in control programs. Numerous MG strains have been demonstrated based on phenotypic and genotypic traits. [9] [10] [11] [12] 16, [18] [19] [20] 26 Variation in pathogenicity among strains has also been demonstrated. 3, 13, 17, 25 Molecular analysis of MG field isolates can provide important epidemiologic information for determining the source of the infection. 10, 14, 18 Random amplified polymorphic DNA (RAPD) analysis is a molecular technique that allows for differentiation of microorganisms, including MG, 4, 7, 14, 15 at the strain level. 1, 23, 24 RAPD analysis was used to differentiate MG isolates from turkeys in the central valley of California.
Materials and methods
Mycoplasma strains. The type strain (PG31 a ), 3 live vaccine strains (ts-11, b 6/85, c and F-vax d ), and 26 field isolates were used ( Table 1 ). The 26 field isolates were obtained during 1991-1998 from turkeys on 13 different ranches belonging to 5 companies. MG isolates 5 and 6 were isolated by the company and submitted to the Turlock Branch of the California Veterinary Diagnostic Laboratory System (CVDLS) in 1995. All other MG isolates were recovered from turkeys or submitted specimens or swabs at the Fresno or Turlock branches of the CVDLS. Isolate 25 was recovered from turkeys that had been submitted for a musculoskeletal problem and that had been previously vaccinated with MG strain 6/85. All other MG isolates were from turkeys experiencing respiratory problems typical of MG infection. All isolates were cultured on modified Frey's broth and agar 5 and incubated at 37 C. All strains were identified as MG by immunoperoxidase staining. 8 Genomic DNA purification. MG isolates were inoculated into 9-ml tubes of modified Frey's broth and incubated at 37 C for 72 hr. Bacteria were harvested by centrifugation at 14,000 ϫ g for 3 min and washed 3 times with phosphatebuffered saline (pH 7.4). DNA was isolated with a genomic DNA purification kit e using the procedure for gram-negative bacteria as previously described. 2 The quantity of DNA was assessed by agarose mini-gel electrophoresis 21 and adjusted to 20-40 ng/l. RAPD analysis. For RAPD analysis, a commercial kit and primer set f were used as previously described. 2 One microliter of tracking dye was added to 5 l of amplified sample, and the mixture was applied to a well in a 2% agarose gel. A mixture of 1 l of a 100-base-pair (bp) ladder, f 5 l H 2 O, and 1 l tracking dye was added to outside wells. Electro- * I.D. number followed by either strain or company and ranch. † Information on birds is age (wk); sex (M or F), flock or house number. ‡ These birds had been vaccinated with MG strain 6/85. phoresis was at 150 V (7.5 V/cm) for 3 hr in Tris-acetateethylenediaminetetraacetic acid buffer with 0.5 l/ml of ethidium bromide. The gel was destained for 45 min in distilled water, visualized by ultraviolet transillumination, and photographed.
Criteria for interpretation of banding pattern. Bands were classified as major bands if their intensity was equal to or greater than the intensity of bands in the 100-bp ladder. Minor bands had an intensity less than the intensity of the bands in the 100-bp ladder.
Similarity coefficients. The similarity coefficient (F) was calculated in a pairwise fashion for each MG isolate as previously reported 6 and as used previously for RAPD analysis of MG isolates 4 using the formula F ϭ (n xy ϩ n yx )/(n x ϩ n y ), where n x and n y are the number of major bands in strains x and y, respectively, n xy is the number of major bands in strain x that match any (major and minor) bands in strain y, and n yx is the number of major bands in strain y that match any bands in strain x.
Results

RAPD analysis of MG isolates. Figures 1-3 show banding patterns of the MG type and vaccine strains
and the field isolates obtained with primer 6 and primers 3 and 4. The type strain and the 3 vaccine strains had unique banding patterns with both primer 6 and primers 3 and 4. Repeated RAPD analysis with vaccine strains produced similar banding patterns with primer 6 and primers 3 and 4, although many of the banding fragment intensities varied.
MG field isolate 25 ( Fig. 3 ) had a banding pattern similar to that of vaccine strain 6/85 (isolate 3). MG isolates 5 and 6, which were from the same company, had identical banding patterns using both primer sets. MG isolates 7-9 were all from the same multiage breeder ranch and were collected over a period of 2 months. These isolates had identical banding patterns using primer 6; however, isolate 7 was missing a highmolecular-weight band that was present in isolates 8 and 9 using primers 3 and 4. MG isolates 10 and 11 from the same ranch had identical banding patterns using both primer 6 and primers 3 and 4. MG isolates 12-14 were obtained from a single meat turkey operation over a period of 13 months. Although these iso- lates were obtained from 3 different flocks, they had similar banding patterns using both primer sets. Slight differences in the patterns were due to the presence or absence of a very faint band fragment. MG isolates 16 and 17 ( Fig. 2 ) had identical banding patterns using both primer sets. Identical banding patterns were also observed with isolates 18-24 (Figs. 2, 3 ). MG isolates 26 and 27 had identical banding patterns using primers 3 and 4 but a major band was absent using primer 6. Identical banding patterns were obtained with MG isolates 28-30 usings primers 3 and 4, but an extra minor band fragment was present with isolate 28 using primer 6.
Similarity coefficients of MG isolates. Table 2 and 3 list the calculated similarity coefficients for RAPD results using primer 6 and primers 3 and 4. RAPD analysis with primer 6 had F values ranging from 22% to 100%. RAPD analysis with primers 3 and 4 had F values ranging from 20% to 100%. F values for comparison among the type strain and vaccine strains ranged from 22% to 67% with primer 6 and 20% to 67% with primers 3 and 4. Five MG isolates (PG31, ts-11, 6/85, F-vax, and K97-1394) were analyzed 2 or 3 times with both primer 6 and primers 3 and 4. The F values for repeated analysis of the homologous strains are shown in Table 4 .
Discussion
The differentiation of MG isolates by RAPD analysis has been previously described, 4, 7, 14, 15 and the results generally agree with those from restriction endonuclease RE analysis. 4 This study further demonstrates the usefulness of RAPD analysis in studying the molecular epidemiology of MG isolates from turkeys in a well-defined geographic area. Two primer sets were utilized based on their complementary segregation of known MG reference strains. 2 Generally, there was complementary agreement between the 2 primer sets. Because the amplification step of the RAPD analysis procedure is performed under lowstringency conditions, 22 a certain degree of variability is inherent in the procedure, as illustrated by the similarity coefficients of MG isolates that were analyzed more than once ( Table 4 ). The low F value for the ts-11 isolate utilizing primer 6 is of concern but can partially be explained by the presence of only 1 major band using this primer. Although RAPD analysis is a useful procedure, the use of 2 different primer sets was critical in the correct segregation of field isolates. The use of 2 primer sets also provides an internal control of the procedure.
RAPD analysis of the 26 field strains demonstrated that MG isolates were unique at the company level. 44  44  22  50  50  50   44  44  22  50  50  50   40  60  50  89  89  89   44  67  56  86  86  88   40  60  50  89  89  89   19D1  20D1  21D1  22D2  23D2  24D2   19  20  21  22  23  24   100 100   100   100  100  100   100  100  100  100   100  100  100  100  100   86  86  86  86  86  57   50  50  50  50  50  38   50  50  50  50  50  38   89  89  89  89  89  67   88  88  88  88  88  75   89  89  89  89  89  67   25E1  26E2  27E3  28E4  29E5  30E4   25  26  27  28  29  30   57   57  100   75  44  44   71  38  38  100   75  44  44  100  100  Table 4 . Similarity coefficients (F) for repeated RAPD analysis of MG isolates using primer 6 and primers 3 and 4. Possible exceptions were isolates 16 and 17 (company C) and isolates 18-24 (company D). These isolates had similar banding patterns using primer 6 and using primers 3 and 4. Similarity coefficients of 91% and 89% with primer 6 and primers 3 and 4, respectively, illustrates the close association of the MG strains involved at these 2 ranches. A very strong band was present at 1,250 bp with primer 6 for all 7 isolates from company D, whereas a faint band was obtained at the same level for both isolates from company C. A very weak band was present at 480 bp with primers 3 and 4 for isolates 16 and 17 that was not present for isolates 18-24. RAPD analysis is particularly suited to investigating the relationships of MG isolates within a company at the ranch level. MG isolates appear to be a homogenous population within a particular ranch during a specific outbreak. This homogeneity is evident in the similarity of banding patterns of the various MG isolates obtained from ranches 2, 3, and 4 of company A (isolates 7-9, 10 and 11, and 12-14) and ranches 1 and 2 of company D (isolates 18-21 and 22-24) . Company A had unique MG isolates at each of the 3 ranches during 1994-1997. An MG outbreak at ranch 2 of company A involved different age groups of breeder toms and hens and covered a period of 2 months (isolates 7-9). The similarity coefficient was 100% with primer 6 and 86-100% with primers 3 and 4. A separate MG outbreak during this same time period occurred in company B and was due to a different strain of MG (isolate 15) and had F values of 73% with primer 6 and 50-60% with primers 3 and 4. Two MG outbreaks occurred at ranches 3 and 4 of company A during August 1996 and were due to separate MG strains (isolates 10/11 and 12) with corresponding F values of 60% with primer 6 and 50% with primers 3 and 4. Ranch 4 of company A had repeated outbreaks over a period of 1 year. The MG isolates from these outbreaks (12) (13) (14) were similar (F values of 90-92% with primer 6 and 90-100% with primers 3 and 4), with only 1 DNA fragment difference with primers 3 and 4.
The relationship between MG isolates 5 and 6, which originated from company A ranches 1 and 2, is unknown. These isolates were obtained by the company approximately 1 year apart and submitted to the laboratory several years later. The RAPD pattern for these 2 isolates was not shared by any other isolates from company A.
Horizontal spread of a single strain of MG within a company is illustrated by isolates 18-21 from ranch 1 of company D and isolates 22-24 from ranch 2 of company D. These particular ranches are in close proximity to each other and share certain personnel. Additionally, both ranches brood a group of birds on the ranch prior to the previous flock being marketed. The initial MG infection occurred on ranch 1 in September 1997 and spread through 3 consecutive flocks before the ranch could be depopulated in November. By this time, the infection had spread to the adjacent ranch 2 and involved 3 additional flocks. Identical banding patterns were obtained from all 6 MG isolates with both primer sets (F ϭ 100%). The banding patterns obtained from these isolates (18) (19) (20) (21) (22) (23) (24) involved the comparison from 2 different gels (Fig. 2, lanes 9-14; Fig.  3, lanes 6, 7) .
The MG isolate (25) from ranch 1 of company E had a banding pattern with both primer 6 and primers 3 and 4 identical (F ϭ 100%) to that of isolate 3, the 6/85 vaccine strain. This ranch had experienced previous outbreaks of MG infection, and the birds on this ranch had been vaccinated with strain 6/85 5 weeks prior to the isolation of the analyzed isolate. Birds were submitted for a musculoskeletal problem and had no evidence of respiratory tract infection.
F values of 86% with primer 6 and 100% with primers 3 and 4 were obtained from MG isolates 26 and 27 from ranches 2 and 3 of company E. The 2 ranches are separated by 0.4 km and each ranch has a game bird operation directly adjacent to it, which may have been a source for transmission from 1 ranch to the other. A different MG strain (isolates 28-30; F ϭ 100% with both primer sets) was present on ranches 4 and 5 of company E during the same time period. These 2 ranches are also in close proximity to each other and share, on alternating days, a single company employee. A single company serviceman has contact with all 4 ranches (2-5) but may not have been involved in the spread of the MG, because 2 separate MG strains appear to be involved.
The results of this study have confirmed the usefulness of the RAPD analysis procedure. There was no evidence to suggest the spread of MG from 1 company to another within a limited geographic area. Analysis of MG isolates within a company did identify ranches that shared a common MG strain. Such information would allow management to determine if there were any biosecurity lapses in programs on these ranches to prevent further spread of infection. The use of more than 1 primer set was critical for establishing a relationship between MG isolates and their corresponding ranches. If discrepancies occur between the 2 primer sets, further analysis may be required using other molecular typing techniques. 
Sources and manufacturers
